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The critical diameter between single domain and multidomain in single crystal L10-FePt particles
has been studied. The particles are fabricated by depositing FePt on MgO100 at 1173 K and the
diameter was ranged from a few to over a hundred nanometers by changing nominal deposition
thickness in the range of 2–10 nm. Initial anomalous Hall effect AHE curves were measured for
as-deposited state and demagnetized state with in-plane field. The critical diameter for single
domain obtained by analyzing initial curves coincides for both initial states and dc55 nm for
nominal thickness of 10 nm. © 2008 American Institute of Physics. DOI: 10.1063/1.2830679
I. INTRODUCTION
Bistability of magnetization is one of the essential re-
quirements for nonvolatile memory using nanomagnets e.g.,
patterned media.1,2 The requirements of bistability necessi-
tate that the magnet elements do not have a multidomain
structure even as a metastable state. Thus it is very important
to grasp the critical size of nanomagnets between single do-
main and multidomain for designing those devices men-
tioned above. We have reported that the critical diameter of
L10-FePt is about 60 nm by measuring lithographically fab-
ricated single FePt dots.3,4 However, this value of the critical
diameter is comparable with the fabrication limit of conven-
tional lithographic technique and damage during microfabri-
cation process might affect the magnetization behavior of
nanoscale magnets.5 Therefore, it is necessary to study using
a sample with much smaller size and less damage. In previ-
ous papers it is reported that L10-FePt films deposited with
high substrate temperatures exhibit well isolated particulate
structure with a diameter ranging from a few to above a
hundred nanometers.6,7 Particles formed in this manner
should provide suitable samples to overcome the problem of
size and damages mentioned above.
In this paper, we have fabricated well separated
L10-FePt particles with diameter ranging from below 5 to
above 100 nm by depositing films at high substrate tempera-
ture. By detecting AHE, the magnetization behavior has been
examined and the critical size between single domain and
multidomain will be discussed.
II. EXPERIMENTAL PROCEDURE
A series of FePt films with nominal thickness tn of
2–10 nm was deposited on MgO100 single crystal sub-
strates by dc magnetron sputtering with Ar gas pressure of
10 mTorr. The substrates were heated at 1173 K during the
deposition of FePt and capping layers were deposited after
cooling down to room temperature. A double layer of Al
5 nm /Pt 5 nm was deposited on the samples for AHE
measurement as electrode material. The Al layer was inserted
between FePt and Pt because Pt layer is suitable as a capping
layer for its chemical stability, but significant modification of
the reversal behavior of FePt particles is brought by the fer-
romagnetic polarization of Pt layer due to proximity effect.7
The crystal structure was evaluated by x-ray diffractometry
XRD and reflection high-energy electron diffraction
RHEED. Surface morphology was measured with scanning
electron microscopy SEM and atomic force microscopy
AFM. Magnetic properties were measured by detecting
AHE signals in the maximum field of 9 T.
III. RESULTS AND DISCUSSION
The result of XRD analysis showed that all the FePt
films are epitaxially grown as L10-type single crystal on
MgO substrate with 001 orientation without any crystal
domain variants. Since the magnetic easy axis of L10-FePt is
parallel to the c-axis, the easy axis is normal to the film
plane. The chemical order parameter S was evaluated to be
0.9 from diffraction intensities of 001 and 002. The magnetic
anisotropy K1 was evaluated as 5107 ergs /cm3 in the
whole thickness range by generalized Sucksmith–Thompson
method,8 using the saturation magnetization of L10-FePt thin
film 1100 emu /cm3 at 300 K. Figure 1 shows the SEM
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FIG. 1. SEM images of L10-FePt particle films with nominal thicknesses a
tn=5 nm, b tn=7 nm, and c tn=10 nm.
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images of FePt films of a tn=5 nm, b 7 nm, and c
10 nm. The bright part in the SEM images is FePt and the
dark part is MgO bare substrate surface. As shown in the
figures, all the FePt films have well isolated particulate struc-
tures, and the particle size increases with tn from a few tens
to over a hundred nanometers. In order to examine the vol-
ume fraction of particles with stable domain we carried out
initial curve measurement because it is expected that multi-
domain particle will demonstrate steep increase of magneti-
zation in low field range due to domain displacement. We
chose two different demagnetized states for the measure-
ment: a as-deposited without exposure to external magnetic
field, and b demagnetized with in-plane field of 9 T. Fig-
ures 2a and 2b show half part of major filled symbols
and initial open symbols AHE curves starting from a as-
deposited states and b in-plane demagnetized states, respec-
tively. In Fig. 2a, steep increase in initial curves is observed
for tn=7 and 10 nm in the field range H1 T, where the
field is considerably smaller than the coercivity of major
loops. This magnetization response in the lower field range is
attributed to domain wall displacement, indicating the exis-
tence of multidomain particle. The results suggest that a field
of 1 T is large enough to wipe out domain walls existed at
initial state. The AHE signal at H=1 T VH=1 T is 0.15 and
0.7 relative to saturation for tn=7 and 10 nm, respectively.
Those curves subsequently keep constant value and finally
approach saturation followed by the second steep part corre-
sponding to the reversal of saturated single-domain particles.
In contrast, for tn5 nm only tn=5 nm is shown here, ini-
tial curves remain constant in the field range H1 T, sug-
gesting all the dots were single-domain state at the start of
the measurement. In-plane demagnetized samples also show
similar behavior except significant increase of AHE in the
lower field range in the film for tn=5 nm. Figure 2c shows
VH=1 T obtained with initial curve measurement started from
the two demagnetized states as function of tn. This result
shows that VH=1 T=0 for tn3 nm for both demagnetizing
method and then increases with tn, except VH=1 T=0 for tn
=5 nm in as-deposited state. Considering that AHE signal
from a particle is proportional to the area of particle, VH=1 T
roughly corresponds to the areal ratio of multidomain par-
ticles. In order to estimate critical diameter dc for single- and
multidomain particles of L10-FePt particle, we examined the
relation between particle size distribution and initial curves.
The particle size distribution was evaluated from SEM im-
ages. A function Sd is defined as summation of the area of
the particles which has diameter larger than d, normalized by
the total area of the whole particles. Assuming a proportional
relation of AHE signal to the area of a particle, Sd is ex-
pected to represent contribution of the particles larger than d
to AHE signal. In Fig. 3, Sd for tn=3–10 nm is plotted as
a function of d. The value of VH=1 T obtained in as-deposited
states for tn=7 nm 0.15 and 10 nm 0.7 is shown as dotted
lines. Since VH=1 T corresponds to the amount of multido-
main particles as discussed above, the critical diameter dc is
given by the point where the dotted lines and Sd cross.
Thus, dc=49 nm for tn=7 nm and 57 nm for tn=10 nm were
obtained for as-deposited state. By following the same pro-
cedure, dc=32, 43, and 53 nm for demagnetized state with
in-plane field are deduced for tn=5, 7, and 10 nm, respec-
tively. The dc decreases with tn for both initial states. Irregu-
larity of the particle shape and the change of aspect ratio due
to thickness reduction might be responsible for this behavior,
but further investigation is required for understanding of the
origin of this thickness dependence. These dc obtained with
two demagnetizing methods coincide well although those de-
magnetized states are realized through completely different
energy paths. Moreover, dc for tn=10 nm is also close to the
value reported previously microfabricated FePt nanodisks.
These results ensure the reliability of the critical diameter dc
for single domain deduced in this work.
IV. CONCLUSIONS
We fabricated well isolated single crystal L10-FePt nano-
particles by depositing films at higher substrate temperature.
FIG. 2. Color online Initial AHE curves started from a as-deposited state
and b in-plane field demagnetized state with half part of major AHE curves
of L10-FePt particle films for tn=5, 7, and 10 nm. c AHE signals at H
=1 T VH=1 T vs tn for as-deposited state and demagnetized state with in-
plane field.
FIG. 3. The area occupied by particles with diameters larger than d Sd of
L10-FePt particle films for tn=3, 5, 7, and 10 nm. The dotted lines indicate
AHE signal at H=1 T VH=1 T obtained from initial curve measurements in
as-deposited states.
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The critical diameter between single domain and multido-
main was evaluated by analyzing the size distribution of the
particles in the films and initial AHE curve measurements.
The initial curve measurements were started from as-
deposited state and demagnetized state after applying in-
plane field. The dc obtained in these two different states co-
incides well and dc55 nm for tn=10 nm. This dc is
consistent with dc obtained in microfabricated dots.
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